improve their resistance to apoptosis [10] , control of growth factor levels to increase myoblast proliferation [11, 12] and neoangiogenesis to reduce hypoxia and cell death [13] . One additional approach would be to select and purify a pool of myoblasts characterized by an improved survival response. Recent studies reached high efficiency of mouse myoblast transplantation after using cell-surface markers to purify a myoblast subpopulation [14] . Thus, manipulating myoblast subpopulations may have important implications for development of new treatments. However, to date, only a small number of surface markers are available to isolate human myoblasts, the most widely used being CD56 Suppress (N-CAM) [15, 16] . Thus, it is important to characterize other markers of human muscle progenitors in order to identify and manipulate them efficiently.
Aldehyde dehydrogenases (ALDH) are a family of enzymes that efficiently oxidize and detoxify aldehydic products of lipid peroxidation such as 4-hydroxynonenal, which are initially generated by reactive oxygen species [17, 18] . In addition to its protective role against toxic molecules, a subfamily of ALDH is involved in retinoic acid synthesis. These retinaldehyde dehydrogenases belong to the ALDH 1, 2 and 3 subfamilies [17] . Retinoic acid binds and activates nuclear retinoic acid receptor/retinoic X receptor heterodimers to regulate the transcription of target genes important for stem cell differentiation [19] . [20, 21] . This observation has been extended to other transplantable cells. Corti et al. showed that high activity of ALDH characterizes a primitive brain-derived neural stem cell population [22] . Recently, ALDH has been identified as a marker of normal and malignant human mammary stem cells [23, 24] . Therefore, it appears that ALDH confers a specific advantage to stem cells, but the molecular nature of this advantage is not clear. In summary, ALDH could enhance cell survival, stem cell renewal, proliferation or differentiation.
Compelling evidence suggests that ALDH activity is associated with the stem cell status of cells in haematopoietic and nerve tissues. Indeed, selection based on high ALDH activity allows the isolation of long-term reconstituting human haematopoietic stem cells

Here, we assessed human myogenic precursor cells (myoblasts) for ALDH functional activity. We used fluorescence-activated cell sorting (FACS) coupled to ALDEFLUOR -a fluorescent substrate for ALDH -and ex vivo and in vivo functional assays to characterize differences between human myoblast populations expressing low or high levels of ALDH. Our findings suggest that high ALDH activity is restricted to a fraction of human myoblasts and is associated with improved cell viability.
Materials and methods
Primary human muscle cell culture
Quadriceps muscle biopsies of nine human adults (mean age 34 
Primary mouse, rat, rabbit muscle cell cultures
Briefly, satellite cells were isolated from the whole mice muscles of the paw and from rat leg muscles after enzymatic digestion by pronase [25, 26] . Rabbit satellite cells were isolated from the semi-membranous accessorius muscle as previously described [26] 
Isolation of epithelial and stromal corneal cells for flow cytometry
This protocol was adapted from the dissociation procedure that uses collagenase digestion [29] . 
Aldh1a1 expression is associated with ALDH activity in human myoblasts
Two large-scale gene expression analyses of human myoblasts identified Aldh1a1 as the main ALDH protein expressed in muscle cells [33, 34] (Fig. 6C) .
These data highlight fundamental differences in levels of ALDH activity between human and mouse, rat, rabbit and non-human primate myoblasts.
ALDH protects human myoblasts from cytotoxic effects induced by H 2 O 2
It has been suggested that Aldh1a1, in addition to its role in aldehyde oxidation, may contribute to the antioxidant capacity of cells [35] . To determine whether inhibition of ALDH activity affected myoblast viability, we pre-treated human myoblasts with DEAB and then exposed them to increasing concentrations of H2O2, a pro-apoptotic compound, for 24 hrs (Fig. 7) . (Fig. 7A) 
We quantified the percentage of dead cells by FACS using ethidium homodimer-1 which can only cross the damaged membranes of dead cells. Dead cells could thus be easily distinguished from healthy cells by a bright red fluorescence resulting from staining of nucleic acids by ethidium homodimer-1 [36]. Increasing concentrations of H2O2 induced accumulation of dead cells
ALDH activity promotes survival of engrafted human myoblasts
We investigated whether we could correlate high ALDH activity to increased cell survival 2 days after implantation into the muscle of adult recipient. In order to track human myoblasts after transplantation, cells were labelled with intravital fluorescence marker, PKH67 dye [38, 39] (Fig. 8A) .
Immunostaining for human CD56 revealed that PKH67 labelled cells were also CD56 ϩ (Fig. 8B, left ; CD56 in red, PKH67 in [46, 47] . Analysis performed in Aldh1a1-deficient mice revealed that Aldh1a1 is dispensable for stem cell function and, in contrast to our results in human, did not contribute to ALDH activity in mouse [47] . It already has been shown that there are species-specific differences in the expression of growth factors and cell surface markers that are crucial for satellite cell function. For example, mouse myoblasts cease to proliferate in culture unless they are exposed to FGF [48] , whereas human myoblasts can undergo many divisions in culture. In contrast to mouse, CD34 cells appeared at very low frequency in human myoblasts [15] . Furthermore, antibodies against CD34 cannot identify satellite cells in section of human muscle [49] . These previous results, together with [7] . Recent data suggested that oxidative stress which is presumably derived from damage induced by intramuscular implantation of myoblasts, may cause rapid cell death: antioxidant pre-treatment of myoblasts with CuZn-SOD improves the graft survival [50] . Conversely, inhibition of antioxidant capacity by decreasing glutathione activity reduces the regeneration capacity of muscle-derived stem cells [45] . We [14, 42, 52] . Based on CD56 and desmin expression, human satellite cells and their progeny (myoblasts) were thought to be homogeneous [15] . However, increasing evidence indicates that human satellite cells are heterogeneous, based on different gene expression associated with different fates [53, 54] . For example, subpopulations of human myoblasts were characterized by their specific proliferation rate, clonogenic and differentiation capacities [53] . At least two subpopulations of human myoblasts have been reported, based on Pax7 expression [54] . Similarly 
